The capability of snails to consume and convert inedible plant biomass and kitchen waste was tested.
Introduction
It is known, that two-thirds of protein in a space diet should have an animal origin (Cooper et al., 2011) . At least a part of animal food could be produced in Bioregenerative Life Support System (BLSS). In that case, one should reduce the production costs. Small forms of animals candidates for BLSS is an important task. There are some cultivated land snails besides Helix pomatia. One of them is the giant snail Achatina fulica (Bowdich, 1720) (Cobbinah et al., 2008) .
As compared with Helix pomatia, the giant snail has a greater growth rate. For example, the snails Achatina fulica that are 5 month old had a whole body weight of about 33 g (Upatham et al., 1988) , whereas the snails Helix pomatia which were 1 year-old weighed only 23-26 g (Toader-Williams, Bentea, 2010) . Hence, the introducing of Achatina fulica into BLSS could help solve a problem related to animal protein.
The aim of this work was to forecast the practicability of Achatina fulica in BLSS. In this connection, the growth, chemical composition and nutritional properties of Achatina fulica were studied. The capability of snails to use plant and kitchen wastes as a food was estimated.
Materials and methods

Conditions of snail growing
The object of the research was the giant African land snails Achatina fulica Bowdich ( Fig. 1 ). Taxonomic Position: Animalia: Mollusca: Gastropoda: Stylommatophora: Achatinidae. Like many snails, they are hermaphrodites. This means that instead of having male and female snails, each snail has both male and female reproductive organs. Young snails produce sperm only, but as they grow larger, they will produce both sperm and eggs. The fertilized eggs hatch, and immature snails grow to adulthood in about six months.
The adult snails in an amount of 25 individuals were cultivated in a rectangular container (L×W×H = 140×50×60 cm) and fed ad libitum. At the bottom of the container a soil like substrate (SLS) was placed. It looked similar to natural black soil. Unlike natural soils, SLS did not contain aluminosilicate matrix. SLS included ( % of dry mass): organic matter 64-68, ash 32-36, humic acids 9.1-9.6, fulvic acids 4.7-5.1, nitrogen 1.63-1.74, phosphorus 0.88-0.95, potassium 1.80-2.18, calcium 1.70-1.78. SLS was produced by processing plant wastes by oyster mushrooms and worms Eisenia foetida (Savigny, 1826) (Manukovsky et al., 1997) . The thickness of the SLS layer was equal to 15 cm; bulk density -785 g/l; moisture -72 %, moisture capacity -88 %, pH of water extract -6.8.
The juvenile snails in an amount of 10 individuals lived separately from adult individuals in the rectangular container (L×W×H = 20×16×10 cm). An air temperature in the breeding containers was equal to 25 °С, and the relative air humidity was 80 %. In an experiment studying the consumption of various feeds by one year old snails, we used leaves of lettuce (Lactuca sativa L.), straw of wheat (Triticum aestivum L.), roots of cabbage (Brassica oleracea L.), and peels of potato (Solanum tuberosum L.). Each feed was tested separately in three sets of one-day (24 hours) trials. In each trial eight snails were used. All trials were performed in the test container (L×W×H = 37×32×18 cm). Table 1 shows the chemical composition of these feeds.
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ere Feed c -consumed feed in terms of DM;
es -produced feces in terms of DM.
where Feed c -consumed feed in terms of DM;
Feces -produced feces in terms of DM.
Studying of snail growth
As a feed, leaves of lettuce (Lactuca sativa L.), taproots of carrot (Daucus carota L.), leaves of the Peking cabbage (Brassica sinensis L.), fruits of tomato (Solánum lycopérsicum L.) and fruits of vegetable marrow (Cucurbita pepo L.) were used. Table 2 shows the chemical composition of these feeds.
The clay and sand were added to the feed to improve the digestion. Calcium was added in the form of chalk. There was a shallow cup with potable water in the growth chamber.
Whole body mass of 28 snails was measured during the process of their growth from oviposition to one year by weighing them at least once a week. To describe a snail's growth, a logistic function was used:
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Whole body mass of 28 snails was measured during the process of their growth oviposition to one year by weighing them at least once a week. To describe a snail's grow logistic function was used:
where M b -whole body mass at the time t; M 0 -initial whole body mass at the time 0;
upper boundary of whole body mass (carrying capacity); and k -specific growth rate.
The equation (2) was fitted to the data obtained in the measurements of whole body by using the least-squares method in Excel 2007.
Chemical assays
After studying of snail growth (see above) the same 28 individuals were used for che analyses. The objects of chemical analysis were pedal mass (snail meat), shell, feces and Ash content of samples was measured by ashing a sample in a muffle furnace at 60
Moisture was measured by the conventional oven-dry method, in which the samples dried in an oven at 105 ° C for 24 h and then quickly weighed. The nitrogen was determ by Kjeldahl method (Volynets, 1977) . To calculate a content of crude protein we multi the nitrogen content of corresponding sample by a conversion coefficient of 6.25.
The content of lipids was determined gravimetrically. Extraction of lipids was done b method of Folch (Folch et al., 1957) . Briefly, lipids from samples were extracted thrice chloroform:methanol (2:1, v/v) simultaneously with mechanical homogenization of the ti with glass beads. Methyl esters of fatty acids were produced after acid methanolysis of (Makhutova et al., 2013 
After studying of snail growth (see above)
the same 28 individuals were used for chemical analyses. The objects of chemical analysis were pedal mass (snail meat), shell, feces and eggs.
Ash content of samples was measured by ashing The flask was densely closed and heated to approximately 190 °С within 2 hours. To the reactionary mixture, 2 ml of the distilled water were added and the solution was acidified.
DMOX were extracted with a hexane-acetone mixture (96:4 v/v). Identification of amino acids was performed using A0326V2 analyzer (Knauer, Germany).
Macro and microelements were determined by the methods described by Kalacheva et al., 2002 .
Modeling use of snail meat in BLSS diet
Each food product P j is presented as a column vector:
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( 3) where m ij -mass of nutrient i in 100 g of product P j ; u -the number of monitored nutrients;
i -sequence number of nutrient; 1 ≤ i≤ u;
j -sequence number of product; mp j -intake of product j, g/crewmember day;
A set of v column vectors P j (3) corresponds to the "nutrient-product" matrix R with size (u+1)×v. The first column vector P 1 of matrix R presents the nutritional characteristics of snail meat. Daily intake of nutrient i is calculated by the formula:
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where mn 2 , mn 3 , mn 4 -protein, fat, and carbohydrate intake correspondingly, g/ crewmember day.
The model is intended to estimate the benefit of using the snail meat as a food in BLSS. To do that, a basic diet and a similar one with snail meat are optimized. A basic diet is composed by a user or adopted from any published work. The efficacy of optimization is estimated according to the following indices:
• Intake of total food mass (IFM t ), g/ crewmember day:
where mn 2 , mn 3 , mn 4 -protein, fat, and carbohydrate intake correspondingly, g/crewmember day.
The model is intended to estimate the benefit of using the snail meat as a food in BLSS.
To do that, a basic diet and a similar one with snail meat are optimized. A basic diet is composed by a user or adopted from any published work. The efficacy of optimization is estimated according to the following indices:
• Intake of total food mass (IFM t ), g/crewmember day:
IFM t comprises food intake from stories (IFM s ) and food intake from BLSS agriculture and snail rearing facility (IFM in ).
• Food independence:
• Daily intake of snail meat (mp 1 ), g/crewmember day.
• Sum of nutrient imbalances (SNI) -number of nutrients in which intakes do not correspond to the daily requirements.
In addition, amino acid scores of food protein were estimated according to the FAO/WHO standard (FAO/ WHO, 1990) . The amino acid score was calculated using the ratio of a content of the individual amino acid in the snail meat (mg/g of protein) to the content of same amino acid in a reference pattern (mg/g of protein) multiplied by 100. The scoring patterns suggested by the FAO/WHO were used for this purpose (FAO/WHO, 1990).
These indices, besides SNI, were also used as objective functions of diet optimization
Diet optimization is carried out by using a Solver Add-in for Excel 2007 with the following parameters:
• independent variables -masses of food products (mp j ), g/day
• constraints -lower and upper bounds on the independent variables; daily nutrient intakes recommended by NASA (Cooper et al., 2011) .
The most important index is the daily edible mass of snail (mp 1 ). The use of different objective functions (8-10) is intended to study their influence on the daily intake of snail meat (mp 1 ) and other indices mentioned earlier.
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To do that, a basic diet and a similar one with snail meat are optimized. A basic diet composed by a user or adopted from any published work. The efficacy of optimization estimated according to the following indices:
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where mn 2 , mn 3 , mn 4 -protein, fat, and carbohydrate intake correspondingly, g/crewmembe day.
To do that, a basic diet and a similar one with snail meat are optimized. A basic diet i composed by a user or adopted from any published work. The efficacy of optimization i estimated according to the following indices:
In addition, amino acid scores of food protein were estimated according to the FAO/WHO standard (FAO/ WHO, 1990) . The amino acid score was calculated using the ratio of a conten of the individual amino acid in the snail meat (mg/g of protein) to the content of same amin acid in a reference pattern (mg/g of protein) multiplied by 100. The scoring patterns suggeste by the FAO/WHO were used for this purpose (FAO/ WHO, 1990) .
The most important index is the daily edible mass of snail (mp 1 ). The use of differen objective functions (8-10) is intended to study their influence on the daily intake of snail mea (10)
• independent variables -masses of food products (mp j ), g/day • constraints -lower and upper bounds on the independent variables; daily nutrient intakes recommended by NASA (Cooper et al., 2011) .
The most important index is the daily edible mass of snail (mp 1 ). The use of different objective functions (8-10) is intended to study their influence on the daily intake of snail meat To validate the model, we used a space diet intended for a lunar base (Liu et al., 2008) . The number of food products in that diet is equal to 21. Data on chemical composition of "lunar base" products were imported from the open access databases (USDA, .SELFNutritionData, Danish Food Composition Databank).
It was suggested that a part of these products could be produced in BLSS: wheat grains, rice grains, pepper, carrot, coriander, tomato, cabbage, salad, radish, oyster mushroom, soy (sprouts out), pumpkin, pumpkin seeds saute, onion, garlic, and peanut oil. The remaining products: sardine, scad, seafood sauce, beef sauce savory, and sugar could be obtained from stories. In our study the number of food products was increased up to 22 because of the addition of snail meat to the basic space diet. The number of monitored nutrients in the study was equal to 40. Therefore, "nutrientproduct" matrix R had the size 41×22.
Results
Data on feeding
The lettuce leaves (0.23 g DM/snail day)
were the most used feed (Table 3 ). This feed also had the greatest extent of degradation -67 %.
Worst of all, the snails consumed the cabbage roots -0.07 g DM/snail day. However, cabbage roots RFD (60.4 %) was more than the RFD of straw (26.0 %).
Characteristics of snail growth
The upper boundary of whole body mass M a was calculated as equal to 250 g and growth rate was equal to 1.06 month -1 (Formula 2). At the age of 11 months, a snail was in a stage of active growth. The calculated whole body mass was 174 g (Fig. 2) . Mass ratio shell/whole body mass was within 18-21 % (Fig. 2) .
Chemical composition of snail meat
Water occupied 80.8 % of total meat mass.
Protein dominated in snail meat in terms of dry matter (78 %). The content of fats was found to be 6.0 %, ash -7 % and carbohydrates -9 % (calculated by difference) (Fig. 3) .
The score of sulfur amino acid was found to be 47 (Fig. 4) . Other essential amino acids had a score above 100.
An example of a chromatogram of fatty acids composition in snail meat is given in Fig. 5 . (Fig. 6 ). The ω6:ω3 polyunsaturated fatty acid ratio was found to be 4.6. According to the recommendation of NASA, that ratio should be within 8. 8-12.7 (Cooper et al., 2011) .
The greatest content of nitrogen was found in snail meat -11350 mg/100 g DM ( Table 4 ).
As a part of a shell, calcium dominated -38843 mg/100 g DM. It is known, that calcium in a shell is mainly a component of calcium carbonate (Saleuddin, Wilbur, 1969) . Therefore, taking into account the content of calcium, it Efficacy of using snail meat in diet:
optimization of basic diet
When minimization of total food intake (IFM t ) was used as an objective function, the indices of diet optimization were as follows:
IFM t = 3450 g/day, FI = 76 %, SNI = 4 ( (Midorikawa et al., 1993) . In that regard, our results seem to stand in contrast to that statement. Inedible plant mass and potato peels turned out to be worse than the edible part of the lettuce (Table 3) . (Czarnoleski et al., 2008) .
One can see the value of Ca content of feces in The obvious shortcoming of Achatina fulica was the deficiency of essential sulfurcontaining amino acids in the snail meat. We have determined the score of sulfur-containing amino acids to be 40 (Fig. 3) . Snail meat of Helix pomatia had a more favorable score -88 (Midorikawa et al., 1993) . However, this value is less than 100. A very high score of 207 was determined for the snail protein of Helix aspersa (Cagiltay et al., 2011) . A look at the data raises the question: what factor has an impact on the score?
It could be taxonomic position and conditions of snail growing. Undoubtedly, this is an issue of further investigations. In our study, the addition of snail meat did not affect the score, because it was surely established in the basic diet. The meat of Achatina fulica can be characterized as a low-fat one, because protein and fat content was 78 % and 6 %, respectively. A lower protein and fat content in snail meat was determined earlier .
The shell of Achatina fulica in our study accounted for 18-21 % of the live snail weight (Fig. 2 ). In the previous study the shell/whole body mass ratio was established as 32.61 and 47.20 % for the wild and cultivated snails, respectively . This discrepancy of published and present data can be attributed to the differences in snail feeding.
The previous work (Midorikawa et al., 1993) and this work have an identical approach: snail meat was added to a diet and the effect of this operation was estimated. Adding snail meat of The number of imbalances in the basic diet is 4 and the addition of snail meat has no influence on the index (Table 5 ). Deficiencies of vitamins D and K are most easy to remove by adding vitamin pills to the diet. The ω6:ω3 polyunsaturated fatty acid ratio in the meat of Achatina fulica does not fit into the norm of NASA. However, the contents of polyunsaturated acids in snail meat are small.
So, it can hardly be that the inclusion of snail meat in the diet affects the ω6:ω3 polyunsaturated fatty acid ratio. It is not clear how to meet the daily recommended intake concerning iron.
The requirement to consume iron within the range of 10-12 mg/crewmember day seems to be very strict. The intake of snail meat (118 g/ crewmember day), calculated in our study, is close to the value of 110 g/crewmember day presented in the previous work (Midorikawa et al., 1993) .
However, these rates of snail meat seem to be too much for the daily intake. According to the menu of the International Space Station, the intake of the same product is allowed twice to thrice during the 8-day menu cycle (Perchonok, Bourland, 2002) . Hence, the rate 118*3/8 = 44.25 g of snail meat/crewmember day is more realistic.
Conclusion
The snails Achatina fulica can produce a food protein by the use of both edible and inedible plant biomass as a feed. In case of inedible plant biomass the process can be considered as the secondary food production. Snails also consume kitchen wastes such as potato peels. The possibility of feeding snails with only inedible plant biomass and kitchen wastes is a subject of further research. Moreover, the problem to return calcium from feces to the matter turnover of BLSS should be solved. The addition of snail meat in a well-balanced basic diet does not eliminate nutrient imbalances; however, it leads to an increase in the food independence of BLSS.
The data obtained in the study could be used in the simulation of the BLSS snail facility.
